Introduction {#sec0005}
============

A novel coronavirus, the acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causes a new disease named Corona Virus Disease 2019 (COVID-19). It was first detected in December 2019 in Wuhan (Hubei, China)([@bib0115]). Due to a high virulence and a high proportion of asymptomatic cases, the outbreak spreads all over the world. On April 5th 2020 the World Health Organization (WHO) reported 1 133 758 confirmed cases. Today, a cumulative mortality rate of 5.5% (62 784) has been reported.

The internet is increasingly used as a source of health care information. Infodemiology and infoveillance are essential public health informatics methods which are used to analyze search behavior on the internet. Infodemiology is defined as "*science of distribution and determinants of information in an electronic medium, specifically the internet, or in a population, with the ultimate aim to inform public health and public policy*", while the primary aim of infoveillance is surveillance ([@bib0035]). Infodemiology and infoveillance of epidemiological data are important to increase situational awareness and make suitable interventions ([@bib0100]).

The analysis of relative internet search volumes (RSV) gives information on the extent of public attention ([@bib0005], [@bib0060], [@bib0065]) with Google Trends^TM^ being one of the most widely used tools for this purpose. RSV are used for real-time analyses for transmissibility, severity, and natural history of an emerging pathogen, as observed with severe acute respiratory syndrome (SARS), the 2009 influenza pandemic, and Ebola ([@bib0020], [@bib0025]). The analyses of confirmed cases are particularly useful to infer key epidemiological parameters, such as the incubation and infectious periods and ongoing outbreaks or an outbreak probability. In addition, Google Trends^TM^ data might be used to forecast an increase in infected cases. A linear time series pattern with official dengue reports, indicating a potential use to monitor public interest before an increase of cases and during the outbreak ([@bib0045]). Beside infectious diseases, Google Trends^TM^ have been successfully used to forecast the suicide risk increase ([@bib0010]).

In this study, we investigated the public interest in COVID-19 since December 31st 2019 comparing Google Trends™ data to data of newly infected COVID-19 cases.

Methods {#sec0010}
=======

Retrieving outbreak and confirmed cases numbers from the WHO {#sec0015}
------------------------------------------------------------

Data on confirmed COVID-19 cases were retrieved on the 5th of April from the European Center for Disease Control (ECDC) for the time from the 31st of December 2019 until the 1st of April 2020 (<https://www.ecdc.europa.eu/en/publications-data/download-todays-data-geographic-distribution-covid-19-cases-worldwide>). Worldwide data were retrieved as well as data for the following countries, namely China, Republic of Korea, Japan, Iran, Italy, Austria, Germany, the United Kingdom (UK), the United States (US), Egypt, Australia, and Brazil.

Retrieving Google Trends^TM^ data on COVID-19 {#sec0020}
---------------------------------------------

The Google Trends^TM^ tool was used to retrieve data on internet user search activities in the context of COVID-19. Google Trends^TM^ enables researchers to study trends and patterns of Google^TM^ search queries ([@bib0005]). It was implemented in 2004 and data on internet search queries are available on a daily basis. Google Trends^TM^ expresses the absolute number of searches relative to the total number of searches over the defined period of interest ([@bib0005]). The retrieved Google Trends^TM^ index ranges from 0 to 100, with 100 being the highest relative search term activity for the specified search query in the time period of interest. Further information on Google Trends^TM^ can be found on the respective help page (<https://support.google.com/trends/>).

Nation-specific Google Trends^TM^ indices were retrieved from December 31st 2019 to April 1st 2020 using the search term "Coronavirus (Virus)". We retrieved Google Trends^TM^ indices for China, Republic of Korea, Japan, Iran, Italy, Austria, Germany, the UK, the US, Egypt, Australia, and Brazil. The search was performed in English.

Analysis {#sec0025}
--------

Daily Google Trends^TM^ indices were used for generation of the lineplots with the ggplot2 package of the statistical software R (version 3.4.1). The ccf function of the tseries R package was used to calculate time-lag correlations between Google Trends^TM^ indices and new cases. A time lag between −35 and +35 days was used in the analysis with the Pearson correlation coefficient serving as correlation measure.

Results {#sec0030}
=======

Worldwide interest in coronavirus started on January 20th and reached its first peak on January 31st, a few days after the word was spread on the outbreak in Wuhan, China. The increasing numbers of cases over the globe prompted the WHO to declare the coronavirus outbreak as a pandemic on March 11th, leading to an increase in public interest currently peaking on March 12th 2020 ([Figure 1](#fig0005){ref-type="fig"} ). The data on newly confirmed cases, overall confirmed cases, and overall death worldwide as well as for the afore-mentioned countries under study are summarized in [Table 1](#tbl0005){ref-type="table"} . There are two peaks, one sharp increase in numbers when cases were counted based on clinical diagnosis and not from a confirmatory laboratory test in China and the other peak on March 16th due to cases around the globe.Figure 1Worldwide Relative Search Volume (RSV) for "Coronavirus" and newly confirmed COVID-19 cases.Figure 1Table 1Illustration of cases (overall, O), newly diagnosed ones (on a daily basis, N), and deaths (D) is represented. We have chosen a time frame of four days to ensure a comprehensive view. Notably, in some countries there was a steady state of cases (i.e. Italy) before a rapid increase was observed.Table 120-Jan-20\
O/N/D24-Jan-20\
O/N/D28-Jan-20\
O/N/D01-Feb-20\
O/N/D05-Feb-20\
O/N/D09-Feb-20\
O/N/D13-Feb-20\
O/N/D17-Feb-20\
O/N/D21-Feb-20\
O/N/DChina280/74/3830/265/254537/1796/10611,821/2102/25924,363/3893/49137,251/2657/81246,550/1820/136870,635/2051/177275,569/894/2239Republic of Korea1/0/02/1/04/0/012/1/018/2/027/3/028/0/030/1/0204/100/1Japan1/0/01/0/06/1/017/3/033/13/026/1/029/0/059/6/193/8/1Iran----------------5/3/2Italy------2/0/02/0/03/0/03/0/03/0/03/0/0Austria------------------Germany----1/0/07/2/012/0/014/0/016/0/016/0/016/0/0UK--------2/0/03/0/09/1/09/0/09/0/0US--1/1/05/0/07/1/011/0/012/0/014/1/015/0/015/0/0Egypt--------------1/0/01/0/0Australia----5/1/012/3/013/1/015/0/015/0/015/0/017/2/0Brazil------------------Worldwide282/74/3846/265/254593/1795/10611,953/2128/25924,554/3925/49237,558/2676/81346,997/1826/136971,429/2162/177576,769/1021/224725-Feb-20\
O/N/D29-Feb-20\
O/N/D03-Mar-20\
O/N/D07-Mar-20\
O/N/D11-Mar-20\
O/N/D15-Mar-20\
O/N/D19-Mar-20\
O/N/D23-Mar-20\
O/N/D27-Mar-20\
O/N/D01-Apr-20\
O/N/DChina77,780/518/266679,394/435/283880,304/130/294680,813/102/307380,955/31/316281,048/27/320481,174/58/324281,601/103/327682,078/117/329882,631/86/3321Republic of Korea977/214/103150/813/174812/600/66767/483/447755/242/608162/76/758413/93/848961/64/1119332/91/1399887/101/165Japan157/13/1230/20/5268/14/0408/59/6568/54/12780/64/22873/44/291089/43/411387/96/462178/225/57Iran61/18/12388/143/341501/523/664747/1234/1248042/881/29112,729/1365/60817,361/1192/113521,638/1028/168529,406/2389/223444,606/3111/2898Italy229/105/6888/238/212036/347/524636/778/19710,149/977/63121,157/3497/144135,713/4207/297859,138/5560/547680,539/6153/8165105,792/4053/12,430Austria--5/1/018/8/066/19/0182/51/0800/296/11646/314/43631/607/167029/1141/5210,182/564/128Germany16/0/057/31/0157/28/0639/105/01296/157/23795/733/88198/1042/1324,774/3311/9442,288/5780/25367,366/5453/732UK13/0/020/4/039/3/0167/49/1373/50/61144/342/212630/672/1035687/669/28111,662/2129/57825,154/3009/1789US53/18/062/3/064/2/2213/65/11696/224/251678/0/417087/3551/10031,573/16,354/40268,334/4764/991163,199/22,559/2850Egypt1/0/01/0/02/0/03/0/059/0/193/0/9196/30/6327/42/14495/39/24710/54/46Australia22/0/024/1/033/6/162/5/2112/20/3249/52/3510/96/61396/315/72985/186/134707/348/20Brazil--1/0/02/0/013/6/034/9/0121/23/0291/57/1904/0/112433/0/574579/323/159Worldwide80,239/908/270085,403/1753/292490,869/1922/3112101,927/3735/3486118,319/4620/4292153,517/10,982/5735209,839/16,556/8778332,930/40,788/14,509509,164/46,484/23,335823,626/72,736/40,598

The worldwide initial peak associates with a strong increase of confirmed cases in China. In China, a maximum of Google Trends^TM^ RSV was observed at the end of January with a 5.47-fold increase of cases between January 24th and January 28th. Afterwards, with rigorous measures the relative increase in new cases was slower, and a decrease of new cases was firstly reported to the WHO on February the 6th, with the exception of a sharp increase as mentioned above. The RSV trend followed a similar path, with a steady number of search enquiries around 25% of the maximal interest during the last weeks. ([Figure 2](#fig0010){ref-type="fig"} ). Correlation analysis indicates highest public interest in COVID-19 on average around 11.5 days before the maximum of newly infected cases was reported ([Figure 3](#fig0015){ref-type="fig"} ). In countries with proximity to China such as the Republic of Korea or Japan a high volume of search queries was observed during or closely after the peak was reached in China. A non-comparable smaller peak was observed in countries in the European Union or the US ([Figure 2](#fig0010){ref-type="fig"}).Figure 2Relative Search Volume (RSV) for "Coronavirus" and newly confirmed COVID-19 cases for selected countries under study.Figure 2Figure 3Time-lag correlations of Relative Search Volume (RSV) for "Coronavirus" and newly confirmed COVID-19 cases for selected countries under study.Figure 3

In the Republic of Korea, a first Google Trends™ index peak was observed end of January only slightly shifted as compared to the peak in China with a second peak being observed on February 23rd ([Figure 2](#fig0010){ref-type="fig"}). This second peak in Korea proceeded the peak in newly infected cases by 7 days ([Figure 3](#fig0015){ref-type="fig"}). Japan\'s RSV started to increase on February 24th, with a peak on February 27th, also followed by an increase in confirmed COVID-19 cases. In Iran, the most affected country in the Middle East, a strong increase of RSV could be observed on February 18th with a peak between 20th and 22nd of February. The Iranian increase of RSV was five days before the first confirmed cases in Iran, with also a strong association and prediction of the outbreak, which followed five to seven days later. Egypt, the first country on the African continent with a confirmed COVID-19 case, showed a small RSV peak during the outbreak in China. Furthermore, the RSV started to steadily increase since February 20th with an observed leap in interest on April 1st. Australia showed a similar pattern with an increase in RSV during the first outbreak in China, followed by a decrease afterwards and again an increase since February 23rd, followed by increasing new COVID-19 cases 10 days later ([Figure 2](#fig0010){ref-type="fig"}).

In European countries, especially in Italy, a small peak in the Google Trends^TM^ analysis was found during the outbreak in China and a climax was found on February 23rd 2020, a few days before the numbers of newly COVID-19 started to increase exponentially. Similar trends were observed in Austria, Germany and the UK with a delay of several days and a second peak, which was accompanied by an increase in numbers in the following days. The highest RSV peak was reached mid of March, which is in line with rigorous policies by the government regarding the rapid spread. The UK and Australia show very similar patterns with highest correlations between RSV indices and newly diagnosed cases found with time lags of −12 and −7 days respectively ([Figure 3](#fig0015){ref-type="fig"}).

In the US, a steady increase of Google^TM^ search queries since February 27th was observed followed by an outbreak since March 2nd. The peak of search queries was reached on March 12th while the numbers of newly infected patients are still increasing ([Figure 2](#fig0010){ref-type="fig"}). High correlation with a time lag of −12 might indicate that the curve of newly infected cases might flatten out soon if measures taken by the government are comparable to European countries ([Figure 3](#fig0015){ref-type="fig"}). Google Trends^TM^ analysis in Brazil showed a peak during COVID-19 outbreak in China and on February 24th, where the first case of COVID-19 was confirmed in Brazil. Since March 3rd a new increase in RSV is found in Brazil, followed by increasing numbers of newly confirmed cases of COVID-19 ([Figure 2](#fig0010){ref-type="fig"}).

Discussion {#sec0035}
==========

In our study, we found a significant increase in RSV using Google Trends™ for COVID-19 worldwide with a peak of RSVs around 11.5 days prior to the peak in newly diagnosed cases in different countries all over the world. As such, Google Trends™ can be used to associate and predict outbreaks worldwide and provides a valuable picture of the outbreak of COVID-19 in real time.

Close monitoring and continued evolution of enhanced communication strategies is needed that provide general populations and vulnerable populations most at risk with actionable information for self-protection, including identification of symptoms ([@bib0040]). The application of internet data in health care research, also known as infodemiology, is a promising new field and it may complement and extend the current data sources and foundations ([@bib0080]). The attention to COVID-19 increased days to weeks before the actual peak outbreak, not only worldwide, but also in most of the investigated countries in this study. This strongly supports our finding that the RSV is a useful tool to monitor local and global outbreaks of infectious diseases.

The internet is the biggest platform for search engines and social media for real time data and outbreaks. RSV has been used before to detect outbreaks, like the recent severe influenza outbreak in 2009 ([@bib0030]). Close monitoring and continued evolution of enhanced communication strategies is needed that provide general populations and vulnerable populations most at risk with actionable information for self-protection, including identification of symptoms ([@bib0040]).

Most countries and the WHO provide awareness -- raising and educational programs on COVID-19 via internet. The strong association between RSV and increasing outbreak numbers may be due to implementation of such programs in the different countries.

The impact of web based research continuously grows since the past decade ([@bib0055]). Analyzing Google Trends™ data makes use of millions of users searches and has widely been used in the context of health issues. Public attention in different fields has been published recently (e.g. osteoarthritis, breast cancer or COPD) ([@bib0015], [@bib0050], [@bib0060]). Furthermore, infodemiology and Google Trends™ is used to generate awareness profiles and is a suitable substitute for classical data collection, such as surveys ([@bib0055]). Far mostly, Google Trends™ is used to monitor disease control and awareness in cancer, HIV or stroke, but also in rare diseases like antiphospholipid syndrome or systemic lupus erythematosus ([@bib0065], [@bib0075], [@bib0105], [@bib0110]). Google Trends™ can be used to detect success rates of awareness programs and predict infectious outbreaks worldwide ([@bib0085], [@bib0095]).

There are limitations of this study. There is no information about the individual searches for the analyzed topics. The selections of spelling/terms might affect the results and conclusions. The importance of accuracy in defining the search queries is exemplified by searching Google Trends™ for the topic "pneumonia". Pneumonia is associated with COVID-19, although not specifically representing COVID-19. Thus, using the query "pneumonia" may be useful to analyze symptom-related curiosity, but does not sufficiently represent COVID-19 outbreaks. The number of studies based on Google Trends™ is increasing, but so far there is no standardized procedure for data collection. More guidance by Google™ should be warranted in order to assist researchers to establish an optimal search strategy ([@bib0090]). Despite the fact the Google search is accessible worldwide, the use of different search tools in certain countries like for example Baidu in China might lead to more accurate estimations of public interest. It was for example shown that a high Baido Search Index (BSI) predicted dengue fever outbreaks in Guangzhou and to a lesser degree in Zhongshan, indicating that BSI might complement traditional dengue fever surveillance in China ([@bib0070]). In our study we however decided to make use of data from one common framework.

In conclusion, infodemiology and RSV can help to monitor the progression of an outbreak such as the current COVID-19 pandemic.
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